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Summary 

During the descent to the Moon the LM Landing Radar acquired very late 
and only after recycling of its circuit breaker. Acquisition was about 1 minute 
before a mandatory mission abort decision had to be made. The first slant range 
measurement was in error by about +13000 ft and settling of the range tracker 
error after appearance of range data good required about 8 to 10 seconds rather 
than an expected 4 to 6 seconds. Once radar updating had been enabled by the 
Astronauts, the radar provided very accurate range and velocity data up to touch¬ 
down with only a 6 second interruption during HIGATE antenna position change. 
The navigation system’s error vector for velocity at the time of touchdown was 
0. 03, -0. 28, -0. 05 ft/s in LR antenna coordinates. This is the best performance 
of any system so far. There were no radar drop-outs and no stealing of trackers 
by agitated lunar dust because of the positive downward motion during Astronaut 
control of the vehicle in P-66. The initial acquisition problem of the radar must 
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be attributed to the use of the system outside its design limits. A similar failure 
had been observed in June 1970 and was reported in Reference 1. The failure can 
be avoided by procedural recycling of the radar’s circuit breaker, after the vehicle 
has reached an altitude of less than 40000 ft. The problem with slow settling of 
the range tracker requires further investigation, but there is no need for modifica¬ 
tions of computer programs. Current procedures prevent false radar inputs. 

Updating of the radar models in the various simulators to incorporate acquisition 
failure modes may.be desirable. 

The Acquisition Problem 

The failure of the Apollo 14 Landing Radar to acquire early in the powered 
descent was suspect-ed to be related to the modifications in the erasable memory of 
the LGC that were entered shortly before and after DPS ignition. Table I shows a 
time-line of the events which may have affected radar operation. In it can be seen 
that the critical change of the radar's range-scale logic occurred in a rather quiet 
period prior to ignition of the engine and at least 4 seconds before any DSKY mani 
pulations. Once the radar had switched to low range scale, the radar's frequency 
search range was reduced and did not longer cover the relatively high Doppler 
frequencies. The radar could not have recovered by itself until the slant range 
was below 12000 ft (about 8500 ft ALS) and a false acquisition would have been likely. 
Slow recycling of the circuit breaker was the only remedy and this has obviously 
saved the Apollo 14 mission. 

The switching into low range scale occurred at an altitude of 51449 ALS 
and at an estimated slant range of 63000 ft. The spacecraft was at 10. 51 s, 

14. 65°E over the crater DOLLOND. This impact crater is about 10 km in diameter, 
has steep walls and may be an area of very high radar reflectivity. The vehicle 
velocity at the time was 5575 ft/s relative to the terrain and the closing velocities 
along radar beams 1, 2 and 3 were 3145. 4, 2949. 5, 5116. 8 ft/s respectively. Under 
these circumstances it was likely that the Doppler beams 1 and 2 already had 
acquired for some time, a conclusion that is substantiated by the fact that the range 
data good discrete had been on and off several times before the switching to low range 
From the experience reported in Reference 1 one can further conclude that the strong 
return signal from crater DOLLOND produced range tracker acquisition on a spur¬ 
ious receiver signal within the trackers search range that had been produced by a 
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tracker input signal of about 205 kHz (145 kHz range + 60 kHz Doppler). Gradual 
change of this spurious signal through a frequency range equivalent to 2500 ft 
slant range must have triggered the switching to low range. 

In Reference 1 it was pointed out that at altitudes above 40000 ft the Landing 
Radar might acquire in such a failure mode depending on the received signal 
strength. In experiments with the P~32 Landing Radar at MIT we had noticed in¬ 
dicated ranges in the order of 10000 ft and below, when an input equivalent to more 
than 60000 ft was simulated to the range tracker. We did not observe at that time 
the switching to low range scale, but the frequency tracker usually hung up on the 
spurious signal and recovery was only possible by switching to "self-test . If the 
radar goes to low range scale, the only recovery is by slowly recycling the circuit 
breaker. 

The erroneous switching to low scale must be considered as a normal po¬ 
tential failure mode of the radar, when power is applied to the radar above an 
altitude of 40000 ft. There is no indication that there was any malfunction of the 
circuits, the components or of the installation of the radar. Changes from a standard 
descent trajectory may modify the altitude limit, since the radar performance is 
also affected by attitude angles and the magnitude and direction of the velocity vector. 

Settling Time of Range Data After Proper Acquisition 

At 108:08:49.8 AET the LR circuit breaker had been recycled and the radar 
was searching again in "high scale" configuration. Twenty seconds later the velocity 
data good appeared, ^ followed immediately by the range data good. At that time 
the range beam #4 intercepted the ground at 3. 96°s, 16.37°w, 11 km ENE of 
FRA MAURO Y, in a relatively level area. The elevation of that terrain is about 
1736 km, the true slant range was in the order of 23000 to 25000 ft. The radar 
indicated initially 38164 ft and settled to a reasonable value only 8 to 10 seconds 
later. The Astronauts had the cool to wait for 14 seconds before they enabled radar 
updating of the state vector at 108:9:35. 8 at a displayed DELTAH of “29 ft, an almost 
incredible correlation between inertial system data and terrain data. The relatively 
long settling time fob the radar's range tracker may be explained by strong received 
signals triggering the switching of the tracker from search to tracking mode rela¬ 
tively early. 
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R adar Measurement Accuracy 

After the* delayed acquisition the Landing Radar performed perfectly. 

There is no.indication of loss of radar tracking up to touchdown, even though the 
downlink data are not continuous because of transmission troubles. During pitch- 
up at HIGATE the LR antenna was raised into position 2 in 6 seconds. The time¬ 
line (Table 1) shows the range switching at 2500 ft slant range. The one and only 
target redesignation, and the takeover of ROD and attitude control by the Astronauts, 
leading to program 66. At 50 ft altitude the radar data were inhibited from updating 
of the state vector to avoid the lunar dust problem. Subsequent radar data show, 
however, that unlike during Apollo 11 and 12 missions (Refs: 2, 3) the radar never 
tracked lunar dust. This performance is attributed to the positive rate of descent of 
about 3 ft/s during the last 50 ft of altitude, which prevented the Doppler trackers 
from dropping out and from following the relatively weak radar signals originating 
from the dust. Figure 1 shows the true velocity along the 3 radar velocity beams 
for the last 60 seconds before touchdown. There is a section between 392054 and 
392084 sec LGCT when the velocity on beams 1 and 2 was very low and tracker drop¬ 
outs almost happended. Figure 2 shows that in this same time interval the y-com- 
ponent of the radar data was unreliable and showed errors up to 10 ft/s. The figure 
displays vehicle velocity md radar data points in LR coordinates. The data with 
errors above 2. 5 ft/s were removed by the reasonableness test and did not update 
the state vector. Note that radar data points at +20 ft/s represent lost radar data 
because of downlink transmission failure. 

Touchdown of the vehicle occurred at about 392114 sec LGCT and was followed 
by settling of the vehicle. The indicated velocity vector at touchdown was -2.4, +1. 2, 
+ 2.0 ft/s (antenna coordinates). It indicates a relatively high forward motion of 
V = 2 ft/s. After settling of the vehicle the navigation system error for velocity 
was 0. 03, -0. 28, -0. 05 ft/s. This error represents the bias error of the radar's 
velocity sensor. 



APOLLO LAND I NO R a D A R / o .?■ N 0 | STP I RUT I ON 


D 

n 

M 

n 

A 

J 

r 


RA 0 A N 
MO AO 
SPARS 
n A Tj | !' 

LA ATS 
f'F.M INS 
00 LF T R r F 


•» 
p 


R FP D PR|AN 
p lanomaro 


o 


ropps 


R 

p 

n 

p 

'1 

L 

M 

f\ 

r> 


T 

p 


n A NI C LS 
P r L L p i A M 
PHASER 

0!LRERT, MIT/KSO 
HAM I LION 
R. JOHNSOM 

vIO’M.'STON 

K LI IMP P 
KP I *P0S M A N 

larsom 

LEVINE 

LA’ TOM, M I T/MSr 
1.0 m PS 
MOCOY 
Sop |) i n a f.j 

TANNER 


D MtJ J JC 


wnni.spy 


c # \/ # R F N 1 E T T p [ 12 , "SO 
n* OHRATHAM, pp , M $0 

I' , r 0 v , POR, M0 n 

n n v r p, POP , m. sC 

T. r | p. q o r <, p s S, moo 

O. MACKLP p , P07, MOO 
n | p if | q PPR, MS r 

j MCPNPPSQfi, P f- * h / M$P 

P. PI XI PY, Pi 14, MOO 
p ROZAS, r FF f ■ o ^ 

P*. SAVELY, PM4, MSP 
H.W. TIND A LL, FA, MSO 


n 

. > 


ROLFS, PLAIT 


0 A 0 








OLLO 14 LAND!MG, TIME LINE OF ACTIVITIES RELATING TO RADAR OPERATION 



>- LA 

i—11—i 


rH rH rH i—1 


rH 

rH 

i—1 

LA 

LA 


rH 


N~t 


rH LA 

LA 

tH LA 


LA 

LA 


LA LA 

LA 

LA 

LA 

LA 

LA hA 

T- { 



OH r—C 

rH rH 


rH i—1 rH rH 


rH 

rH 

rH 

rH 

rH 


rH 


rH 


rH t—1 

rH 

rH rH 


rH 

rH 


rH H 

rH 

rH 

t—1 

rH 

rH tH 

rH 



w 


x \ X X 


x 

\ 

X 

X 

x 


X 


X 


XX 

\ 

MM 


X 

\ 


MX 

X 

X 

X 

X 

X X 

X 


* 

z: cm 

CM CM 


CM CM CM CM 


CM 

CM CM 

CM 

CM 


CM 


CM 


CM CM 

CM 

CM CM 


CM 

CM 


CM CM 

CM 

CM 

A 

A 

A A 

A 


* 

LU 






























* 




















LA 











* 




















X 






LA 


03 



* 

O 

rH rH 


rH CM O O 


S> 

o o 

x 

O 


O 


O 


t—1 rH 

rH 

O G 


O 

O 


o o 

rH 

rH 

A 

O 

LA tH 



* 

CO 

02 07 


cc co co co 


CO 

CO 

cs 

CO 

02 


02 


02 


02 02 

cc. 

07 02 


02 

02 


cu 02 

o: 

02 

CC 

CD 

07 02 



* 

< 

<r <r 


< < < < 


<r 

c 

< 

< 

< 


< 


<x. 


<< 

c 

<< 


< 

< 


<< 


< 

<S 

cD 

< <r 



* 

LU b~ 

h- b- 


K- h- h- h- 


h- 

h- 

h- 

h- 

b“ 


1— 


h- 


h-h- 

b- 

b- 


h- b- 


b-b- 

b- h- 

b— 

1— 1— l— 



* 

G 






























* 

c: si: 

rz 2 : 


•£.. U. «c.. 


»- 

7 

7S 








SI 












sz 



* 

3 Li_ 

LU LU 


LU LU LU LU 


LU 

LL 

L- 

CO 

CO 


CO 


CO 


LU CO 

CO 

to CO 


C/; 

CO 


co to 

CD 

CO 

to 

CO 

G CO 



* 

O CO 

CO CO 


CO CO CO CO 


CO 

CO CO 

CD 

CD 


C— 


cs 


00 c 

c. 

CD CD 


C. 

G 


C: G 

C' 

G 

G 

G 

to Li 



* 

co G 

g I-;. 


Zs I£ 1 I.~ 


7T 

I- 

II 

CO 

c; 


o 


CD 


ZC -D 

C.D 

GO 


G 

o 


G CD 

o 

G 

G 

G 

1L G 



* 































* 
















CS 










b- 





* 
















_J 




t- 

X 





LU 


> 



* 




* 














G 


G 

G 










* 




* • 1 












LU 


b- 



b- 


G 



LA 


G 



* 




r-- > LU 












.—1 


<! 


H 

< 


G 



UA 


uj h- 



* 




cs x» - cu 












o 


G 


LA 

e. 


< 





c < 



* 


LU 


C cn ^ 










>- 


>- 


— 


IA 

— 


h- 



1 


G h- 



* 


G 


G • H 






>- 




02 


G 


“ 


O 

” 


r * 



II 


h- Ol 



* 


o 


cr co . >- 






cs 


>- 




G 




CM 



o * 



G 


—- 



* 




Ul LA h C 






b- 


cs 


7S 


CS. 


O 


II 

o 


G 



>- 


h“ Lu 



* 


A 


fO hh 






lu 


b- 


O 




h- 

T“ 


b— 


<!- 



< 


—J c. 



* 




\ < ;■ 






LU 


ul 


— 





<! 




1— ‘"7 



1— 


<1 



* 


<L 


- LO LU 








UJ 


h- 


— 


LA 

1- 

x LA 

nn 

<G 


— 

_) 


CD 


to 

* 




tH LA C - 






CO 




CD 


o 


LA 

_i 

— 

-H 


CD — 


rH 

G 


1— r:.. 


r- 

* 




- • o co 


o 



G 

(O 


CO 


LU 


— 

CD 

• • 

L'! 

t—1 

* 

h- 

• 


— 

O 


G — 



* 


c. 


CM LU 00 


rz 



ID 

< 


00 


CS 

* 


G 

CM 

CD 

— 

CM 

G 

• 





_i 


j 

* 




OH < 


— 




Q- 


< 

<—« 

CS 

* 

: d cd 

G 





LU 

CD x 


o 

> 


o |— 


c 

* 


g 


1— H CD CL. 


o 



LU 

>- 


cu 

77 

o 

r- b-C 

CD 

to 

i— o to 

G 

G- 

— 

h- 

00 


IA h- 



* 


o 


nLJ>- 


<• 



-U 

00 O 

>- 

G 

G 

LU 

O 


CD >- 

G 1— 

>— 


b-C) 

I—1 



* 

UJ 


_i 

* 


o 


h- o c: g 

z 

LU 



1- 


— 

02 

— 



b-C3 

< << 



< 

b- 

<1— 

— 

h- 

^ - ■ 

* 

x CO 



* 


c 


— • LU 

o 

C 



1- 

b-h- 


b- UJ 

O 


1- 

L' . ' G 

CM 


— 1 

G 

— 


— 

o 

O 

— v_y 


ub 

* 




CO o 1— !— 

— 




O 

01 

— 

h- 

— 

b- 

O 

22 

<r 

CS CS 


s - 

CL 


b- O 

r^. 

07 


CO 

O 


• H 

* 


<r 


7'. O : 

h- 

ry* 



cl: 

o 

7S. 

cc 

~~ 

— 

CO 

h- 

c: 

CO 

A 

— 

CO 

cn 

— K 

h- 


h- 

G 

— CSi 



* 


b- 


LU • • U ! C 

—- 

—1 



■ t_ 


c; 

c 

e. 

CO 

CM 

LU< 


CS — 


cs 

— 

CM 

7. 


UJ 

<7 


- 7 


Q 

* 


<r 


—1 LU CO 

2! 



lu 

b- 


— 

02 

— 


II 

-J O 

LU 

■— 1 CD 

C 

-j 

C '* 

i 

— 1— 

h- 

i 

rr 

Lt. 

o 6 



* 

LU 

Cl 


< CJ G< 

(S' 

H 


C. 




<r 


CD 

G 

<"C. 

G 


h- 

X 



— 

— 

< 

G 

c; 

b- G 



* 

LA 



G Z> G 

—- 

— 


— 

_ ! 

o 

rr‘ 


c: 

T’s 

LM 

O i — 1 

«£ . 

U! OO 


* 

TO 

o 

CO 07 

r?. 

o 

— 



G 

Q 

* 

h~ O 

i?: u» 


CO 1— LjJ I— 


D 


b- 

<■ 


LU 

C 

IU 

— 

< 

CO LU 

<r' 

_I D 



D 

b- 

'JD 


:o 

CO 

i— 

17 Z~ 

G 

_x 

* 

~z i" 

c a 


— C CO 

LU 

— 

LU 

— 

ID 

Ob- 

DC. 

1— 

o 

I —. 

> 

c: 

07 "Z 

LA 

G 

_z 


r: *h 

CM 


L: 

cs 

7 G 

O 


* 

lu x- 

r ;r 


: : h- O c 

c 

7" 

CT* 


I__ 

O LL 

— 

LU 

77! 

Lj 

77 


<r o 

LA 

r-'- 

•3 

o 

'.O C/) 

G 


CD 

<7 

■— I1D 



* 

> LA 

cc < 


oh - c. — 

O 

7 

.A 

C 


IU 


•— 



L’J 

o cs 


r.- o 

i —l 

IA 

H 

G 

HC 

C. 

c 

LU 

1— 

02 3 

G 


* 

* 

LU > 

—J C' 


_J G LL 

LL 

— 

> 

— 

-I 

CO '— 

j— 

Nw/ 

_J 

CD 

_ 1 _ ! 

t 

LU > 

t—i 


> 

tH 

> cs 

r\ 

_ ! 

CS 

to 

— 1 |— — 1 

0 

* 

* 

CO 

CO CO 

CO 

CO C O OO oo 

CO 

co 

CO 

co 

co 

CO CO 

cO 

CO 

CO 

CO 

CO 03 

03 

03 03 

03 

co 

3 

CO 

CO 03 

CO 

CO 

CO 

co 

03 CO 

CO 


* 

|— CM 

rH I"- 

rH 

LA LA CT LA 

LA 

IA 

LA 7> 

LA 

rH LA 

r- 

”70 

lA 

rH 

t — 1 t — 1 

LA 

LA 

tH 

7- 

LA 


A ~H 

x. 

LA 

x. 

rH 

rH X- 

X- 


* 

O CM 

LA LO 

'O 

LA LA LA A 

O 

CM 

ut 

-4- 

x 

03 T) 

o 

CM 

O 

cn 

A LA 

LTt 

LA LA 



A 

o 

LA L^ 

x*. 

t-1 

rH 

2D 

A r—1 

X- 


* 

O r- 

x» 

c n 

o o o O 

rH 

LA 

LA LA 

LA 

LA LA 


-f 

-7 

■St 

r>. 

h- 

o- r^. 

r-- 


1—, 

33 

03 C3 

CO 

A 

A 

A 

t—1 t—1 

',2> 


* 

_J o 

o o 

CO 

rH rH r—I tH 

rH 

rH 

i—1 

r—! 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

t—i ■—l 

tH 

rH i—» 

rH 

rH 

rH 

rH 

rH tH 

r—i 

rH 

r~l 

rH 

CM CM 

A 


* 

CO 

7) CD 


CT) CT FT) O 


cn 

cn 

'A 

CO 

o 


(T> 


A 


cn cn 

7> 

FA A 


n 

A 


A A 

A 

A 

CD 

A 

A A 

A 

*— 

* 

* 

LA 

LA LA 


LA LA LA LA 


LA 

LA 

LA 

LA 

LA 


LA 


LA 


LA LA 

LA 

LA LA 


LA 

LA 


LA LA 

hA 

LA 

LA 

LA 

LA LA 

LA 

1- 

* 

* 

CO 

CO CO 

CO 

O0 CO CO CO 

03 

CO 

03 

co 

03 

03 OO 

00 

CO 

CO 

CO 

CO CO 

03 

CO TO 

CO 

03 

co 

OO 

CO CO 

03 

CO 

CO 

CO 

03 03 

03 

• 

rH 

* 

O 

CD IA 

CO 

LA LA X- LA 

IA 

LA 

i—1 

x 

hA 

C.n rH 

LA 


rH 

CD 

cn cn 

rH 

(A UA 

A 

LA 

LA 

UA 

X- CD 

LTt 

rH 

UA 

A 

CD LA 

LA 


* 

o 

CM ut 

LA 

LA LA hA rH 

CM 


CM 

CM 

LA 

UA rH 

CM 


CM 

.u- 

-t 

rH 

*H rH 

CM 

LA 

LA 


LA 

•H 

UA 

LA 


•A rH 

hA 


* 

1—■ •• 

.. .. 

• • 


• • 

•• 

•• 

•• 

• • 

•• 

• • 

• • 

• • 

•• 

• • 

»« •• 

• • 

.. .. 

•• 

•• 

• • 

•• 

.. .. 

•• 

•• 

• • 

•• 

.. .. 

•• 

Q 

* 

G CM 

CM CM 

LA 

x» x. x» co 

03 

CM 

CM 

CJ 

CM 

CM LA 

LA 

LA 

-tb 

-7 

■>3 cn 

m 

A A 

A 

:n 

A 

3 

O rH 

tH 

I—i 

rH 

rA 

-U- LA 

-U 


* 

<C LA 

•A LA 

UA 

LA LA LA ‘A 

IA, 

















rH 

rH rH 

rH 

rH 

rH 

pH 

rH i—1 

A 


* 

• • 

• • • • 




• • 

• • 

• • 

• • 

• • 


• • 


• • 


• • • • 

• • 

• • • • 


• • 

• • 


• • • • 

• • 

• • 

• • 

• • 

• • • • 

• • 

‘ 

* 


x- x- 


r — i— 


03 

03 

CO 

03 

03 


CO 


co 


CO CO 

OD 

CO i-o 


co 

CO 


03 03 

CO 

CO 

03 

TO 

CO 03 

03 


* 

3 

o o 

G 

o o c? o 

O 

O 

O 

O 

O 

G 

o 

O 

o 

o 

3 

o o 

o 

o o 

o 

o 

O 

o 

3 3 

o 

o 

C 

O 

O O 

O 


* 

rH 

rH rH 


rH r — 1 tH tH 

h- 

rH 

rH 

rH 

r — 1 

rH 

h- 

rH 

1- 

rH 

1- 

rH rH 

H 

rH H 

h- 

H 

:—1 

i— 

rH rH 

rH 

1—1 

pH 

rH 

t— 1 t— 1 

rH 













Figure L Beam Velocities in ft/s vs. time in sec 
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Figure 2. Vehicle Velocity and Radar Data Points in ft/s vs time in sec ( Antenna Coordinates) 




